Due to the decreasing resources of both inshore and offshore fisheries, many organizations have released fry to enhance their stock in recent years. The discrimination between wild and hatchery-reared individuals must be performed to assess the efficiency of the release. Fresh groundwater is generally used by hatchers in southwestern Taiwan to decrease salinity and to promote the growth of larvae prior to feeding; thus, the elemental composition of the otolith may be different in stocks, and this difference may be used for identification. This study used Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICPMS) to analyze the trace elements in the nuclei of otoliths from black porgy Acanthopagrus schlegelii, including six hatchery reared specimens from the Tainan County, three recaptured marked and ten captured unmarked specimens from the Miaoli County in Northwestern coast of Taiwan. Among the six hatchery and three recaptured marked specimens, which ranged from 4.9 to 23.4 cm in body length, the nucleus zone (relative to within 5 cm in size growth) of the otoliths showed higher magnesium concentrations than that observed on both edges. The distribution was similar to an inverse "V" shape. The otoliths also showed lower manganese concentrations near the nucleus and had higher values near the edges, resulting in a distribution similar to a "U" shape. According to the appeared shape of Mg 2+ /Ca 2+ and Mn 2+ /Ca 2+ ratio in the central area of the nucleus zone, this study determined six specimens which were from hatchery reared and three specimens were from wild among ten unmarked specimens captured from
Introduction
In recent years, the release of fry from hatcheries to the wild is a common method of enhancing Taiwan's natural fishery resources [1] . In the past, the effectiveness and parameters of fry stocking, including recapture rate, number of survivors and growth condition were rarely assessed because of the small size [2] and large number of releasing of the fry which is difficult to mark [3] [4] and lead to the low recovery rate [1] [5] .
Black porgy Acanthopagrus schlegelii are distributed widely, from Japan and China to the coastal waters of Taiwan. A coastal euryhaline and demersal species, these fish are commonly reared in Taiwanese hatcheries [2] . Since 1988, the black porgy was one of the commonly hatchery-reared species used to enhance natural fishery resources in Taiwan [6] . However, the effectiveness of this large-scale fry stocking is rarely documented and studied [4] . The primary obstacle to documenting these fry is the difficulty in differentiating the hatchery-reared fish from the resident fish. Many methods have been used for the identification and discrimination of fish stock, including the mark-and-recapture method, physiological and behavioral characteristics, morphology, and biochemical and molecular biology techniques. These methods are useful but exhibit some disadvantages. Although some mark-and-recapture studies have been performed [4] , they have encountered the following problems: 1) not all of the fish were marked by the mass marking process; 2) the fish may lose their marks after being released; 3) the same species of fry without a mark had been previously released in the same water area, making it impossible to differentiate between the hatchery-reared fish from the resident fish. Thus, we identified a method by which hatchery-reared individuals could be identified by studying their growth environment. It was difficult to distinguish between the wild and hatchery-reared stocks after they had been mixed. Studies using the mark-and-recapture method of identification have generally been expensive and time consuming [7] . In addition, some unmarked individuals were stocked prior to when the experiment was performed. To use the physiological and behavioral characteristics (e.g. migration, spawning time, sexual maturity, growth rate) for distinguishing stocks, an understanding of the species' life history is required [7] . Genetic markers can also be used to distinguish between stocks; however, these assays can also be expensive to apply, and high levels of gene flow between stocks have been found [8] . Previous studies in Taiwan have suggested that distinguishing reared stocks from wild stocks of black porgy by morphology and meristic characters is difficult. Thus, differentiating between the stocks requires a method beyond the traditional biological and morphological assays. Otoliths, which grow in daily increments in fish [9] , can accurately record physical and chemical environmental conditions [10] . Otolith microchemistry is a method that has been recently applied to stock identification [11] [12] [13] , and it can provide an understanding of the environmental history of fish movements [14] , population structure [15] , and the identification of spawning estuaries [16] . Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICPMS) [17] [18] is a precision tool which could be used to analyze trace elements with solid materials. The high power pulsed laser beam is focused at selected locations on the otolith. In the laser ablation sampling system, the otolith grinding surface is ablated by a high-energy laser, and then the ions are extracted with argon gas carried into the ICPMS for analysis [18] [19] . Previous studies have successfully discriminated among different stocks of Atlantic cod Gadus morhua using LA-ICPMS analysis of otolith nuclei, which demonstrated the variations in elemental concentrations [11] . The otolith forms in daily increments in larval-stage fish, with the first ring formed on the day of hatching [9] . Conversely, the external otolith reflects the wild environment after stocking. Microelements from the surrounding water bodies merge and precipitate onto the otolith, and other divalent ions (i.e. Sr 2+ , Ba 2+ , Mg 2+ , etc.) may replace Ca 2+ in the otolith structure [20] . The elemental concentrations of the otolith are usually associated with the elemental concentrations of the surrounding water [21] , and a positive correlation exists between these concentrations [22] . Changes in the chemical microelements can be used as an indicator of a fish's life history, which can reflect the stock migration or act as a natural geographical marker [23] . Earlier studies have also indicated that the measurement of microelements in otoliths may be useful to identify stocks [11] [24] . In the southwestern coastal area of Taiwan, the aquaculture hatcheries generally use groundwater due to the lack of fresh water [25] [26] . Groundwater interacts with organic matter and minerals in the stratum (such as calcium carbonate and magnesium carbonate), resulting in groundwater with higher elemental concentrations than those observed in surface water [27] . Earlier studies have shown differences in otolith microelement concentrations between freshwater and seawater environments [28] [29] . On the southwest coast of Taiwan, the concentration of magnesium is highest in the seawater, second in groundwater, and lowest in surface water [30] , and the concentration of manganese is highest in groundwater, second in surface water, and lowest in sea water [31] . Thus, the chemical composition of otoliths (in the zone near the nucleus) from black porgy hatchery fry changed near groundwater may be different than that of the wild black porgy. In the present study, the chemical composition of otoliths between the nucleus zone and the edge zone was analyzed in hatchery-reared, recaptured marked 
Methods

The Specimens from Hatchery Reared
Specimens were obtained from the hatchery of Tainan County on the southwest coast of Taiwan from January to May, 2007. The fish were bred and reared in the hatchery under various salinity conditions for approximately ten months (for specimens A, B and C) or for approximately two months (for specimens D, E, and F). The total length of each specimen was measured to within 0.1 cm, and the body weight was measured to within 0.1 g ( Table 1 ).
The Specimens from Marked and Recaptured Experiment
Approximately 108,000 hatchery reared black porgy fry that were 4.6 -8.4 cm in length were mass marked and released for estimating their population size and stocking contribution rate by spraying fluorescent pigment onto the skin of the fry after they were fed with oxytetracycline, creating a double mass-marking method. The marked fry were released at the Baishatun which located in Miaoli County in Northwestern Taiwan between July and September of 2005 [4] . After that, recovery samples were collected by local retailers and brought back to the lab twice a month from December 2005 to August 2006. The types of fishing in the stocking area are mainly bottom gill nets, hand lines and angling hand lines. The researcher would reconfirm the marks after the sample is attended [4] . There were three marked black porgy (for specimens G, H and I) and ten unmarked black porgy (for specimens J, K, L, M, N, O, P, Q, R and S) had be analyzed in this study (Table 1 ).
Otolith Preparation
In the laboratory, the otolith (sagitta) was removed from specimen, washed and rinse the surface mucosa with de-ionized water, and used the ultrasonically oscillate (Model 1210R-DTH, Branson) for three minutes, then the otolith was placed into the oven to dry at 50˚C for 24 hours. After that the dried otolith was embedded with epoxy resin, and then the otolith sample resin was fixed on a glass slide, ground with a Metaserv 2000 Grinder-Polishers and sandpaper to near the core, and polished the surface with polishing cloths and 0.05 μm alumina abrasive. Polished otolith was fixed to a glass slide using a crystalline bond, dried in an oven at 50˚C for 24 hours, and stored until further analysis.
Laser Ablation ICPMS
In order to understand the continuity change of the element concentration on the otolith this study to confirm the difference of element concentration ratios between the core area and the edge area of the otolith by the laser ablation sampling system. The ICPMS laser ablation sampling system is to ablate the surface of the otolith with a high-energy laser and then carry it into the ICPMS for analysis. The otolith sample was placed on the laser ablation platform, and the laser was focused on the sample points, after that the elements on the surface of the sample were ionized and analyzed by an inductively coupled plasma mass spectrometer. The Limit of detection (LOD) was between about 0.5 and 20 ppb.
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The size of each ablation pit was 150 μm in diameter and the distance between the ablation points is 24 -26 μm. There are 105 -303 ablation points per crossing line. The continuity of the element concentration on otolith was analyzed by detected from the edge through the core to the other edge.
Six trace elements, Mg 2+ , Mn 2+ , Ba 2+ , Sr 2+ , Na + and Ca 2+ were analyzed, and the concentration ratios of the prior five elements over the major (Calcium) element are shown in Figure 1 . In addition, a frame in the nucleus zone of the otolith indicated the approximate growth size of 5 cm.
Results
Six specimens from the hatchery and thirteen captured samples involved three marked and ten unmarked specimens from seawater of Maoli County were 1 1 1 1 2 2 1 3 3 1 4 4 1 5 5 1 6 6 1 7 7 1 8 8 1 
Disscussion
Under reflected light, two types of crystals could be found on the surface of the otolith in the nucleus zone (relative to within 5 cm growth size) of this species. The first type is regular; one ring was formed every day until the 25 th day of rearing. In the portion formed from the 25 th to approximately the 35 th -65 th day, the crystal type was irregular [9] . The divalent metal element with the highest concentration in local sea water was Mg 2+ , with Ca 2+ and Sr 2+ ranking second and third, respectively [30] . However, we found that the highest concentration of divalent metal elements in otoliths was Ca 2+ , followed by Sr 2+ and Mn 2+ . Thus, the formation of otoliths cannot be explained entirely by passive diffusion. The incorporation of Ca 2+ into the otoliths is an active process that requires energy in both seawater and freshwater [32] [33], while the incorporation of other divalent trace elements in otoliths, such as Sr 2+ , Mg 2+ , Mn 2+ and Ba 2+ , is passive and is mainly affected by diffusion.
Because the trace elements were sampled along the longest axis through the central core of the otolith, their distribution patterns tend to be symmetrical. The pattern of Mg 2+ on the otoliths demonstrated an inverse "V" shape in specimens B, C, D and F because the concentration of Mg 2+ in seawater was much higher than that observed in freshwater. However, the pattern of Mn 2+ on the otoliths showed a "U" shape in specimens D, E and F because the concentration of Mn 2+ in sea water was much lower than that in freshwater in this area [25] [26]. The salinity during the hatching process is generally maintained to approximately 30% of that in seawater to improve the hatching rate of fertilized eggs. After two weeks, fresh ground water, which has lower Mg 2+ and higher Mn 2+ concentrations compared to seawater, is generally added, to decrease the salinity to 15% -20%, which promotes the growth of larvae prior to feeding [25] [26]. This change in salinity explains why the trace element distribution patterns along the measured axis in the nucleus zone of otoliths demonstrated an inverse "V" shape for Mg 2+ and a "U" shape for Mn 2+ . There were several samples with negative values and could not be discriminated. The reasons may come from 1) the content of elements were too low to detect, 2) the instrument was not stable, or 3) the elements were not equidistribution deposited when otolith were formed, which lead to an asymmetrical trend crossing through the core area and could not be discriminated. The Ba 2+ concentration patterns in the otolith specimens did not show a clear regular trend, perhaps because Ba 2+ is a land-based element in which the concentration varies in ground water and because it is found less in otoliths [30] .
Similarly, the Sr 2+ concentration pattern did not show any clear regular trends in the otolith specimens, potentially because Sr 2+ is abundant in both the ground water of southwestern Taiwan [34] and in seawater [33] ; thus, despite the reduction in the salinity of seawater to approximately 15% -20% during hatching, the concentration of Sr 2+ in the otoliths remained at high levels. 1/100 th of those observed in seawater [38] . In this study, the Mg 2+ concentrations in the otoliths might display a pattern that could reflect the concentration changes in the growth environments.
Arai and Hirata (2006) [29] also found that the trace element concentrations in the otoliths reflected the differences in freshwater and seawater environments by analyzing the concentrations of Mg 2+ and Mn 2+ in the otoliths of chum salmon Oncorhynchus keta. However, in their study, the Mg 2+ concentration in the freshwater growth zone was higher than that in seawater, which was in contrast to our results for juvenile black porgy. It is unclear how Mg 2+ is absorbed into the otoliths from the low concentrations observed in freshwater. Juvenile salmon most likely have an active absorption mechanism. Juvenile salmon would also be able to obtain Mg 2+ using active absorption from freshwater even in environments with lower Mg 2+ concentrations; however, mature salmon in seawater need to absorb less Mg 2+ for physiological reasons, even in environments with higher Mg 2+ concentrations.
Studies of the chum salmon Oncorhynchus keta using LA-ICPMS could not distinguish the environmental changes by interpreting the Mn 2+ levels because the average concentration values showed no significant difference [29] , which suggested that the use of trace element distribution trend patterns in these studies may be novel to precisely determine environmental changes.
This study showed six specimens were from hatchery reared among ten un-Open Journal of Marine Science marked specimens captured from wild. This phenomenon showing the wild population of black porgy with a high proportion was from hatchery reared in this sea area ( in the central area of the nucleus zone of otolith could be an effective tool to distinguish black porgy came from hatchery reared or wild without using artificial marks.
In the Mediterranean, Swan et al. (2006) [28] found that the entire otolith of the European hake Merluccius merluccius from the Gulf of Lions was characterized by significantly higher concentrations of Mn 2+ relative to other seawater bodies, which might be due to the freshwater input into this region. An earlier study found that the concentration of Mn 2+ was relatively high in river water compared to seawater [40] . These results were similar to this study, in which Mn 2+ levels increased while the salinity of seawater decreased to approximately 15% -20% during hatching (due to the addition of freshwater). However, the lower concentrations of Sr 2+ observed in the European hake [28] differed from those observed in black porgy in this study, potentially due to the freshwater that was added, which was groundwater containing higher concentrations of Sr 2+ .
Recent studies have shown that the ratio of trace element concentration of otolith could reflect the change of elements, salinity or water temperature [41] as a tool to know about the fish migration between freshwater and sea water [42] [43], which is also a future application of this study. Taken together, the most important findings in this study were that Ca 2+ was absorbed by an active mechanism, while both Mg 2+ and Mn 2+ were acquired by passive diffusion during the juvenile stage of black porgy development.
In the future, the addition of a higher concentration Mg 2+ and Mn 2+ solution during the juvenile stage of stocking species could be used as an origin mark for detection after recapture.
